The aim of the study was to characterize and compare seminal plasma constituents of unimproved indigenous and Tankwa goats. In this study, unimproved indigenous (11) and Tankwa (11) goats were used. Their average age was 3 ± 0.8 years and average bodyweights were 35.5 ± 2.1 kg and 59.8 ± 1.9 kg, respectively. Semen samples were collected with an electro ejaculator, and evaluated for macroscopic and microscopic semen characteristics and seminal plasma constituents. Both unimproved indigenous and Tankwa goats had normal semen characteristics for goats, with the exception of sperm cell concentration. However, Tankwa goats had higher straight-line velocity and average path velocity compared with unimproved indigenous goats. Unimproved indigenous goats had higher intact acrosome than Tankwa goats. Lipocalin-type prostaglandin-D synthase was one of the constituents that were detected, but it was below the detection limit of 0.5 mmol/L. Moreover, the semen of unimproved indigenous and Tankwa goats had the same levels of fertility-associated antigen, lactate dehydrogenase, sodium, potassium, magnesium, calcium, glucose, cholesterol, triglyceride, lipids and urea. In conclusion, unimproved indigenous and Tankwa goats had the same seminal plasma constituents. These constituents seem to be optimal for the sperm cells, as they resulted in acceptable semen characteristics, except for sperm cell concentration, which was low. Moreover, acceptable standards need to be set for all seminal plasma constituents, as they are not currently known.
Introduction
South African indigenous goats are hardy, and tolerant of parasites and diseases. However, some are poorly managed, and under threat of extinction and information about their seminal plasma constituents is limited (Webb et al., 1998; Kotze et al., 2014) . For conservation and improvement of indigenous animals, characterization can be a first step before their genetic material is used (Yami & Merkel, 2008; Yakubu et al., 2010) . Animal characterization provides information on the reproductive performance and identification of unique characteristics within populations (Yami & Merkel, 2008) . In South Africa, there is limited information about goat reproductive characteristics (Webb et al., 1998; Matshaba, 2010; Kotze et al., 2014) . Therefore, a study aimed at collecting reproductive information from various indigenous goats is important in assisting with future breeding plans and maintaining the unique characteristics of these breeds (Manzi et al., 2011) .
Studying seminal plasma constituents can be another method of evaluating the functionality and semen quality of the reproductive system in goats (Teixeira et al., 2009) . In other species, such as cattle, birds and fish, the evaluation of seminal plasma constituents such as proteins, sodium, potassium, magnesium, calcium, zinc, glucose, cholesterol, triglyceride, lipids and urea has been found useful in the functioning of the sperm cells (Dawson et al., 2002; Massanyi et al., 2008; Bozkurt et al., 2011) . Seminal plasma constituents play a major role in sperm cell metabolic processes (Kasimanickam, 2011) . However, in small stock, the evaluation of seminal plasma is still not well defined (Gundouan, 2006) .
Seminal plasma such as proteins improves buffering capacity and semen quality, triglycerides increase membrane fluidity, and glucose provides osmotic balance and energy to the sperm cells (Purdy, 2006) . Urea and zinc are responsible for sperm cell development (Cortada et al., 2000; Massanyi et al., 2008) . Cholesterol is responsible for sperm cell capacitation (Cross, 1998) . Lipids are responsible for maintaining sperm cell membrane structure, and for sperm cell metabolism, capacitation and fertilization (Gundouan, 2006) . Calcium is required for sperm cell physiology, motility and acrosome reaction (Sorensen et al., 1999) . Sodium improves sperm cell motility (Massanyi et al., 2008) . In addition, magnesium is required for the enzymes that act on substrates containing phosphate (Nikoobakht et al., 2005) . Potassium is responsible for sperm cell volume regulation (Klein et al., 2006) . This function is necessitated when the sperm cells encounter a hypo-osmotic challenge on ejaculation into the female tract (Yeung & Cooper, 2008) .
However, in goats, information about the seminal plasma constituents that are vital to the functioning of sperm cells is limited. Therefore, the objective of this study was to characterize and compare the seminal plasma constituents of unimproved indigenous and Tankwa goats.
Materials and Methods
The study was approved by the Ethics Committee of the Agricultural Research Council (ARC) (APIEC15/044) and Tshwane University of Technology (REC2012/10/019-2). In the current study, 11 unimproved indigenous bucks from the ARC and 11 Tankwa bucks from Carnarvon Research Station were used. Unimproved indigenous goats are mostly small animals, which tolerate harsh environmental conditions, parasites and diseases, have good maternal ability and are able to survive on poor-quality grazing compared with exotic breeds (Ramsay & Donkin, 2000) . Tankwa goats were first discovered in the Tankwa Karoo National Park in the Northern Cape. It is thought that this type of goat represents former indigenous goats from the area that date back to the 1900s. Since then, the goats have been separated from other goat breeds in the area owing to fencing of the park. As a result, these goats look distinct from other breeds (Jonker, 2013; Kotze et al., 2014) . The average age of the bucks used in the current study was 3 ± 0.8 years (matured). The average bodyweight for unimproved indigenous bucks was 35.5 ± 2.1 kg and for Tankwa bucks was 59.8 ± 1.9 kg. All the bucks were grazing on natural pasture and had access to drinking water ad libitum.
Prior to semen collection with an electro ejaculator, hair around the sheath was shaved with scissors and the prepuce was cleaned with a paper towel containing 70% ethanol. The rectal probe was washed with 70% ethanol and lubricated with a jelly. The rectal probe was inserted and placed in the rectum above the accessory sex glands. Semen samples were collected in pre-warmed (37 °C) 15 mL graduated tubes. Four levels of 30 voltage (V) were applied when the bucks were lying on their side. Following the collection of semen, samples were evaluated for volume by reading the measurements on the collection tubes. Semen pH was evaluated with a pH meter (HANNA Instruments ® , South Africa), whereby an electrode was rinsed with sterile water and wiped with a paper towel before being placed for 30 seconds in a tube that contained the semen sample.
Sperm cell motility was determined objectively using a Sperm Class Analyser ® (Microptic S.L, Barcelona). The amount of 500 μL Ham's F-10 (Sigma-Aldrich, South Africa) and 10 μL semen were mixed in a 1 mL graduated tube and incubated for 5 minutes at 37 °C. Following incubation, 10 μL extended semen was placed on a pre-warmed microscopic slide (37 °C), mounted with a cover slip, and examined (x 10) under a phase contrast microscope. Sperm cell motility was categorized as progression [total motility (TM); progressive motility (PM) and non-progressive motility (NPM)], velocity [rapid (81-180 μm/s), medium (51-80 μm/s) and slow (≤ 50 μm/s)] and average values of velocity parameters [curvilinear velocity (VCL) measures a sperm cell movement along its actual path; straight-line velocity (VSL) measures a sperm cell movement along a straight line; average path velocity (VAP) measures smoothed cell path; linearity (LIN) = VSL/VCL; straightness (STR) = VSL/VAP and wobble (WOB) = VSL/VAP]. Sperm cell concentration was determined with a spectrophotometer (Jenway, United Kingdom). A square cuvette was filled with 3 mL of sodium citrate solution and placed in a spectrophotometer (Jenway, United Kingdom) for at least 30 seconds. A semen sample (15 μL) was added in a square cuvette containing the sodium citrate solution, again placed in a spectrophotometer (Jenway, United Kingdom) to read the absorbance. The absorbance value was used to determine the final sperm cell concentration with the aid of the formula (201 x 25.97 X absorbance -0.3).
To evaluate acrosome integrity, sperm cell viability, morphology and abnormalities, samples stained with nigrosin-eosin stain were examined under a fluorescent microscope (Olympus, Japan) and 200 sperm cells per slide were counted. Live sperm cells and the sperm cells that had non-damaged acrosomes did not absorb stain (fluorescence), while dead sperm cells and sperm cells that had damaged acrosomes absorbed stain and became purple in colour (Samper, 2000) . Live sperm cells were further evaluated for morphology and abnormalities. Abnormalities were categorized as primary, secondary and tertiary, as classified by Loskutoff & Crichton (2001) . To evaluate membrane integrity, a hypo-osmotic swelling test was used. The samples were evaluated under a phase contrast microscope (400 x) and 200 sperm cells per slide were counted. Sperm cells with swollen and coiled tails were considered intact (Naing et al., 2010) .
Following semen evaluation, seminal plasma was collected by centrifugation (Naing et al., 2011) at 1500 rpm for 5 minutes and was stored at -20 °C until analysis. Because of high costs of determining seminal plasma constituents, eleven samples per breed were evaluated. Determination of seminal plasma constituents was done using commercial kits at Carnatlab South Africa (Pty) Ltd. To determine sodium, potassium, magnesium, zinc and calcium, seminal plasma was centrifuged at 1500 rpm (4 °C) for 20 minutes. Then 1 M sodium hydroxide was added to form a coloured salt complex. The concentration elements in the coloured complex solution were determined spectrophotometrically (fluorescent colour intensity) using a digital fluorescent microscope.
Determination of osteopontin, metalloproteinases type-2 tissue inhibitor, fertility-associated antigen and urea was carried out by adding 100 μL standards and sample solution to the appropriate wells, shaken gently to mix the contents, and then incubated at 37 °C for 1 hour. The wells were washed seven times with 400 μL of wash solution. After the final wash, the wells were tapped firmly on a lint-free paper towel to remove any remaining wash buffer. A labelled antibody (100 μL) was pipetted into each well. The plates were sealed and incubated at 4 °C for 30 minutes. The plates were emptied of their contents and washed nine times with 400 μL wash solution. After the final wash, the plates were emptied and the results were generated by adding 100 μL of tetramethylbenzidine substrate to each well. The plates were incubated for 30 minutes at 25 °C in the dark. The reaction was halted with 100 μL stop solution and the absorbance read at 450 nm.
Lactose dehydrogenase was determined by the catalytic oxidation of lactate to pyruvate in the presence of nicotinamide adenine dinucleotide (NAD) with subsequent reduction to nicotinamide adenine dinucleotide hydrogen (NADH). The rate of NADH formation measured at 340 nm was directly proportional to serum lactate dehydrogenase activity. The change in absorbance measured at 340 nm was directly proportional to the activity of lactate dehydrogenase in the sample, and translated to the concentration of lactose dehydrogenase in the sample. Lactate dehydrogenase reagent 1 (4 x 40 mL) and lactate dehydrogenase reagent 2 (4 x 8 mL) were reacted with the sample. The enzyme activity was measured spectrophotometrically (fluorescent colour intensity) (lactic acid + NAD + → pyruvate + NADH).
Triglycerides were determined with a spectrophotometer, which was set at a wavelength of 540 nm, and the absorbance reading to zero with water was used as a reference. Free glycerol and triglycerides reagents were prepared and warmed up to assay temperature in the blank, standard and sample cuvettes. Free glycerol and triglyceride reagents (0.8 mL) were pipetted into each cuvette. Then 10 mL of water, glycerol standard and sample were added to the blank, standard and sample cuvettes and mixed with gentle inversion. The cuvettes were then incubated for 5 minutes at 37 °C. Initial absorbance reading of blank, standard and sample was taken at 540 nm versus water as the reference. To each cuvette, 0.2 mL reconstituted triglycerides reagent was added, mixed and incubated for 5 minutes at 37 °C. The final absorbance of the cuvettes was read at 540 nm versus water as the reference and the triglycerides concentration was calculated.
Lipocalin-type prostaglandin D synthase was determined using a spectrophotometer. Seminal plasma was incubated overnight (12 h) at 48 °C with 30 mg of anti-recombinant bovine lipocalin-type PGD synthase IgG. Samples were washed three times with PBS-BSA and re-suspended to 500 mL FC blocking medium. Five microlitre (0.5 mg/mL) of fluorescein isothiocyanate-conjugated goat anti-rabbit IgG Fab fragment was added to 500 mL seminal plasma suspension for 1 hour. After being washed three times in PBS-BSA as before, the fluorescence of the samples (concentrations) was measured using a digital fluorescent microscopy. For lipid determination, seminal plasma lipids were extracted with six volumes of chloroformmethanol (2/1, V/V), centrifuged at 800 x g for 3 minutes. The resulting lower phase was aspirated and dried under a stream of nitrogen. Total lipids were determined enzymatically and their quantities were measured colorimetrically. Seminal plasma constituents and semen characteristics data were analysed using the generalised linear model (GLM) procedures of Statistical Analysis Software (SAS), version 9.2 (1999). Least square means (LSM) were compared using the least significance difference (LSD) test (α = 0.05). The following statistical model was used:
where: y ij is the observation of the j-th experimental unit of the i-th treatment μ is the overall mean; τ i is the effect of the i-th treatment or breed e ij is the residual (error) component.
The Pearson correlation was done to show the relationship between semen parameters and seminal plasma constituents.
Results
The seminal plasma constituents of unimproved indigenous and Tankwa goats are indicated in Table 1 . Lipocalin-type prostaglandin D synthase content was below the detection limit of 0.5 mmol/L and osteopontin quantity could not be measured. Metalloproteinase type-2 tissue inhibitor and zinc were not detected. For all the seminal plasma constituents that were detected, no difference (P >0.05) observed between the unimproved indigenous and Tankwa goats. Potassium (µg/mL) 269.4 ± 9.9 277.7 ± 11.7
Magnesium (µg/mL) 6.6 ± 0.3 7.7 ± 0.4
Lipids (mmol/L) 2.4 ± 0.06 2.5 ± 0.09
Urea (µg/mL) 49.8 ± 1.4 50.5 ± 1.8 a,b Values with different superscripts within the same row differ significantly (P <0.05), ND: not detected Semen characteristics of unimproved indigenous and Tankwa goats evaluated for seminal plasma constituents are depicted in Table 2 . There were differences (P <0.05) between unimproved indigenous and Tankwa goats in VSL (53.2 ± 15.1 vs 99.2 ± 5.6 µm/s, respectively), VAP (71.4 ± 17.4 vs 124.7 ± 5.3 µm/s, respectively) and intact acrosome (95.4 ± 2.2 vs 77.2 ± 2.8 %, respectively). However, means for sperm cell concentration, progression, viability, morphology and abnormalities, VCL, linearity, STR, wobble, velocity parameters, membrane integrity, semen volume and pH of unimproved indigenous and Tankwa goat were not different (P >0.05) .
The correlations between seminal plasma constituents and semen parameters of unimproved indigenous goats are presented in Table 3 . None of the seminal plasma constituents had a correlation with semen pH. Potassium had a negative correlation with VAP (r = -0.681, P <0.05), semen volume, sperm cell concentration, TM, NPM, medium velocity, VCL, intact acrosome, non-intact membrane, dead and abnormal sperm cells, primary and secondary abnormalities (P >0.05). Magnesium had a positive correlation with primary abnormalities (r = 0.700, P <0.05). Calcium had a positive correlation with tertiary abnormalities (r = 0.753, P <0.05). However, it had a negative correlation with primary abnormalities (r = 0.632, P <0.05). Cholesterol had a negative correlation with rapid velocity (r = -0.642), VCL (r = -0.717) and VSL (r = -0.699) (P <0.05). Triglycerides had a positive correlation with non-intact membrane (r = -0.723) and dead sperm cells (r = -0.734) (P <0.05). However, it had a negative correlation with rapid velocity (r = -0.284) (P <0.05). Lipids had a positive correlation with tertiary abnormalities (r = 0.688, P <0.05). The correlations between the seminal plasma constituents of Tankwa goats and sperm cell characteristics are presented in Table 4 . None of the seminal plasma constituents had a correlation with semen pH. Fertility-associated antigen had a negative correlation with slow (r = -0.818) and medium velocity (r = -0.851) (P <0.01). Lactate dehydrogenase had a positive correlation with VCL (r = 0.723, P < 0.01) and rapid velocity (r = 0.686, P <0.05). Magnesium had a negative correlation with primary abnormalities (r = -0.657) (P <0.05). Calcium had a positive correlation with semen volume (r = 0.663) and slow velocity (r = 0.639) (P <0.05). However, it had a negative correlation with static sperm cells (r = -0.645) (P <0.05). Triglycerides had a positive correlation with normal sperm cells (r = 0.233) (P <0.01) and NPM (r = 0.634) (P <0.05). Lipids had a positive correlation with tertiary abnormalities (r = 0.699) (P <0.05).
Discussion
In the current study, during the evaluation of the seminal plasma constituents of unimproved indigenous and Tankwa goats, lipocalin-type prostaglandin-D synthase and osteopontin were detected. However, because they were below the detection limit of 0.5 mmol/L, they could not be measured for quantity. Metalloproteinase type-2 tissue inhibitor and zinc were not detected. However, in Granadina male goats, 1.2 ± 0.6 mg/dL of zinc was detected using the same spectrophotometry detection method and it resulted in normal semen volume and sperm cell concentration. On the other hand, the amount of zinc detected in Granadina male goats resulted in unacceptable sperm cell motility and live sperm cells (Mellado et al., 2012 ). In the current study, without the presence of zinc in the seminal plasma, most of the semen parameters were acceptable except sperm cell concentration.
Interestingly in this study, glucose for both breeds was higher compared with that obtained in Granadina male goats (0.375 mg/mL, converted) (Mellado et al., 2012) . This shows that there are breed and environmental differences in seminal plasma constituents. Unimproved indigenous and Tankwa goats urea (50.2 µg/mL), cholesterol (1.1 mmol/L), calcium (4.1 µg/mL) and magnesium (7.2 µg/mL) of were lower when compared to Granadina male goats' urea (197 µg/mL), cholesterol (4.5 mmol/L), calcium (108 µg/mL) and magnesium (19 µg/mL) (converted), respectively (Mellado et al., 2012) . Unimproved indigenous and Tankwa goats magnesium (7.2 µg/mL) and calcium (4.1 µg/mL) were lower when compared to the non-defined breed magnesium (81 µg/mL) and calcium (123 µg/mL) (converted), respectively (Aguiar et al., 2013) . The differences between the current and previous studies might be due to environmental conditions, breeds and diets that they were fed. In Mellado et al. (2012) and Aguiar et al. (2013) studies, goats were fed a standard goat diet, whereas in the current study they grazed on natural pastures.
The levels of sodium and potassium in the current study were higher compared with the other seminal plasma constituents that were evaluated. This was expected as it was documented that their concentration is normally higher in most of the species (Colagara et al., 2009) . On the other hand, protein concentration was lower in the current when compared with all the seminal plasma constituents that were evaluated. This is agreement with Mellado et al. (2012) and Aguiar et al. (2013) , who reported lower protein concentration of 0.53 and 3.79 mmol (converted), respectively. This shows that there is less demand of proteins for the survivability of sperm cells (Bozkurt et al., 2009) . Although, protein levels were reported to be normally low, in the current study they were assumed to be at their peak as the study was conducted during the natural breeding season and semen quality was good (Okab, 2007) . Contrary to the results of the current study, Gundouan (2006) documented that low level of protein are associated with poor semen quality. However, the physiological reasons behind this are not known.
Tankwa goats had higher VSL and VAP compared with unimproved indigenous goats. However, these were still within acceptable limit of ≥ 20 µm/s recommended for the sperm cells to be considered motile (Pepper-Yowell, 2011) . The seminal plasma constituents obtained in the current study seem to be sufficient for unimproved indigenous and Tankwa goats, as most of the semen parameters were acceptable, except for sperm cell concentration which was below the minimum recommended level of 2 X 10 9 sperm cells/mL (Hidalgo et al., 2007) . Seminal plasma constituents of unimproved indigenous and Tankwa goats did not have any relationship with semen pH. However, in species such as fish, semen pH showed a positive relationship with calcium, protein and cholesterol (Bozkurt et al., 2009) . On the other hand, it showed a negative relationship with triglycerides and urea (Bozkurt et al., 2011) . These results may mean that there are species differences in terms of seminal plasma constituents that have a relationship with semen parameters.
In unimproved indigenous goats, the fertility-associated antigen showed a positive relationship with semen volume, sperm cell concentration, TM and live sperm cells. These results are in agreement with Ax et al. (1999) , who indicated that when the fertility-associated antigen is present in semen, the fertility level of the male is high. Moreover, in Tankwa goats the fertility-associated antigen showed a positive relationship with rapid velocity, VCL, VAP, sperm cell vitality and normal sperm cells. The results of the current study agree with those of the literature, as it has been indicated that proteins have a good relationship with semen quality and male fertility in other species (Ding et al., 2007; Souza et al., 2011) . As a result, proteins are regarded as a valuable male fertility marker in conjunction with semen parameters in other species (Dawson et al., 2002; Dyck et al., 2011) .
In Tankwa goats, lactate dehydrogenase showed a positive relationship between TM, sperm cell vitality and viability. The results of the current study agree with those of previous studies, which documented that high levels of lactate dehydrogenase had a positive relationship with sperm cell viability, vitality (Asadpour, 2012) and motility (Ding et al., 2007) . In unimproved indigenous goats, potassium showed a negative relationship with TM. These results are in line with those of Asadpour (2012) , who documented that the presence of potassium is associated with decreased sperm cell motility. However, In Tankwa goats, potassium showed a positive relationship with TM, PM, and rapid and medium velocity. However, the results of the current study contradict those of Bozkurt et al. (2009) , who indicated that potassium keeps the sperm cells in a motionless state. Magnesium had a negative relationship with sperm cell motility in unimproved indigenous goats. This is in line with a previous study that indicated that the presence of magnesium in the seminal plasma has a negative relationship with sperm cell motility in other species (Bozkurt et al., 2009) .
In unimproved indigenous goats, calcium showed a positive relationship with TM and NPM. This is in agreement with Bozkurt et al. (2009) who reported that calcium correlated positively with sperm cell motility and negatively with sperm cell concentration in other species such as fish (Bozkurt et al., 2011) . In both types of goat, calcium showed a positive relationship with TM. The results of the current study contradict those of Meseguer et al. (2004) , who found that a high calcium level was associated with a lower percentage of motile sperm cells in non-defined goats. However, with overall semen parameters there were some similarities with the non-defined goats. Interestingly, the levels of calcium were higher in non-defined goats than in South African indigenous goats (Aguiar et al., 2013) . The only differences were observed on the sperm cell concentration (in the previous study it was 2.5 x 10 9 /mL and in the current study it was 1.5 x 10 9 /mL) and normal morphology (in the previous study it was 82.8 % and in the current study it was 92.0%).
The positive relationship between sperm cell motility and glucose in unimproved indigenous goats is in agreement with the study by Bozkurt et al. (2009) , who indicated that the presence of glucose was connected to energy demands of the testis during spermatogenesis and lipids synthesis of sperm cells. However, that was not observed in Tankwa goats. In Tankwa goats, cholesterol showed a negative relationship with sperm cell motility parameters. The results of the current study are in line with the literature, as it has been shown that cholesterol does not have a positive relationship with sperm cell motility (Bozkurt et al., 2009 ) and semen volume (Meseguer et al., 2004) . In contradiction, Bozkurt et al. (2009) documented that cholesterol has a protective effect against temperature changes when the semen is released, thus will result in good sperm cell characteristics.
In Tankwa goats, triglycerides showed a negative relationship with TM. The results of the current study agree with those of Bozkurt et al. (2009) who also showed a negative relationship between sperm cell motility and triglycerides. Contradictory to other studies, triglycerides showed a positive relationship with sperm cell motility (Bozkurt et al., 2011) . According to Bozkurt et al. (2009) , triglycerides supply energy to the sperm cells during regeneration of energy when they are not moving. Moreover, low levels of triglycerides lead to inadequate supply of energy, which leads to low sperm cell motility and fertilization capacity (Bozkurt et al., 2009) . However, in the current study this was not observed because almost all the semen parameters were at acceptable standards. A positive relationship between lipids and membrane integrity in unimproved indigenous goats is in agreement with a previous study, which showed a good relationship between the two (Mandal et al., 2014) . In urea in unimproved indigenous goats showed a negative relationship with semen volume, sperm cell concentration and progression. The results of the current study are in line with the literature as it has been documented that urea does not have a positive relationship with sperm cell motility and fertilizing ability (Bozkurt et al., 2009; Bozkurt et al., 2011) .
Conclusion
Unimproved indigenous and Tankwa goats had similar seminal plasma constituents. The seminal plasma constituents that were detected seem to be sufficient for the sperm cells, as most of the semen characteristics were acceptable, except for sperm cell concentration. Tankwa goats had higher VSL and VAP, whereas unimproved indigenous goats had a higher level of intact acrosome. Semen parameters as measures of male fertility had significant relationships with some seminal plasma constituents. It is recommended that acceptable standards should be set for all seminal plasma constituents, as they are not currently known. Moreover, further studies need to be conducted on the seminal plasma constituents and their physiological roles.
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